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INTRODUCTION
Gastric acid aspiration is a common etiology of acute lung injury (ALI) and is initially characterized by a chemical "burn" of the pulmonary epithelium, with a subsequent influx of extracellular fluid into the alveolar space that leads to pulmonary edema. Acid aspiration-induced lung injury is an important cause of acute respiratory distress syndrome (ARDS), which has a high mortality rate. 1, 2 The effect of acid instillation into the lung has been extensively studied. 4, 5 Acid airway aspiration has been reported as the cause of 10% to 30% of all anesthetic-related deaths. 6, 7 Following aspiration, patients usually develop symptoms consistent with microvascular lung injury, such as pulmonary edema and decreased lung compliance, which ultimately lead to increased work for breathing, hypoxemia, damage to the alveolar-capillary membrane, increased al-veolar protein content and induced pulmonary macrophage accumulation. 8, 9 Tissue cytokine levels may be directly associated with further accumulation and activation of pulmonary macrophages, thus increasing lung injury. Cytokines mediate the induction and amplification of the inflammatory response to various types of injury, including hemorrhagic and endotoxic shock. 10 Critical illness, such as trauma, pneumonia, sepsis, and major surgery, is accompanied by activation of the hypothalamus-pituitary-adrenal (HPA) axis. Serum adrenocorticotropic hormone (ACTH) and glucocorticoid concentrations are increased, and activation of this axis appears to be an important component of the general adaptation to stress. 11 Normal activation and functioning of the HPA axis have an important role in modulating the response to critical illness and systemic inflammation. 11 A deficiency in the HPA axis could lead to unchecked or ongoing activation of inflammatory mediators, cardiovascular instability, loss of vascular integrity and possible persistent airspace inflammation and injury, which would lead to an exuberant postinjury fibroproliferative response in the lung. 12 The factors determining glucocorticoid response at the receptor and molecular level are complex and probably explain the individual variation and tissue specificity in systemic response. 13 Basal circulating concentrations of glucocorticoids are complex and have also been observed to be unchanged, 14 increased 15 or decreased 16 in rodents. Corticosterone measurements were performed using the plasma, urine and excrement from these animals. Unfortunately, we did not find detail in the literature about the measurement in broncoalveolar lavage (BAL).
Pentoxifylline (PTX) is a nonselective phosphodiesterase inhibitor with important immuno-regulatory actions. Its anti-inflammatory properties have recently been investigated by the ARDS Clinical Trials Network in a large, prospective, placebo-controlled multicenter study 17 in addition to other experimental studies. 18 This study was designed to further analyze the effects of PTX treatment immediately before and after hydrochloric acid instillation (HCl). To accomplish this, we determined protein leakage, tumor necrosis factor-alpha (TNF-α) and corticosterone concentrations in BALs and lung wetto-dry ratios.
MATERIALS AND METHODS

Surgical Procedure
All procedures were approved by the Institutional Research Committee at Federal University of São Paulo, in accordance with the National Institutes of Health (NIH) Guidelines Regarding Animal Experimentation.
Twenty (n= 20) male Wistar rats weighing 268 to 312 g were fasted overnight with free access to water. Animals were group-housed in standard Plexiglas bins (2-3 rats per cage). Rats (n=5 in every group) were anesthetized intraperitoneally (i.p.) with sodium thiopental (40 mg/kg body weight, Thionembutal-ABBOTT, SP, Brazil). Muscle relaxation was maintained with 0.8 mg/kg pancuronium bromide (Pavulon-Organon, São Paulo, Brazil) i.p. Animals were placed in the supine position, and 1% lidocaine was injected subcutaneously at the tracheal region.
After anesthesia, a tracheotomy was performed, and a 14G cannula was inserted approximately 1 cm above the carina. A hind paw vein (used for drug infusions and compensation of fluid losses) and the left internal carotid artery (used to obtain arterial blood for gases determination) were exposed and cannulated using PE-50 tubing (Intramedic Polyethylene Tubing, Becton Dickinson, NJ, USA). Normothermia was maintained with an underlying electric hotplate (37 ± 0. 
Mechanical Ventilation
After reaching a surgical plane of anesthesia and muscle relaxation, the animals were ventilated using a rodent ventilator (683 model, Harvard Apparatus; Holliston, MA, USA) for 3 h using a tidal volume (V T ) established at approximately 6 mL/kg, a positive end-expiratory pressure (PEEP) of 5 cmH 2 O, a fraction of inspired oxygen (FiO 2 ) of 1.0, a respiratory rate (RR) of 30-50 bpm and an inspiration/expiration (I/E) ratio of 1:2. A venous catheter was placed in the jugular vein to allow the infusion of isotonic saline solution and sodium pentobarbital whenever needed.
Groupings: Animals were divided into 4 different groups (n=5 in each group). The first group (Control-MV) received only mechanical ventilation; the second group (HCl) received hydrochloric acid instillation; the third group (HCl+PTX) received HCl instillation followed by PTX infusion; and the fourth group (PTX+HCl) received PTX infusion 10 min prior to HCl instillation.
Acid Instillation Lung Injury: After 10 min connected in the ventilator for stabilization, the lung injury was performed using a 0.1 N HCl solution (2 mL/kg) instilled through a side port adaptor of the endotracheal tube during the inspiratory phase of respiration. Blood samples were collected 30 seconds before lung injury and the protocol was started .
Pentoxifylline administration: HCl+PTX animals received 50 mg/kg PTX (Pentox, FARMASA, São Paulo, SP, Brazil) in a bolus after the lung injury induction. The ani-mals in the PTX+HCl group received the PTX infusion 10 min prior to instillation of HCl. The PTX pre-or post-HCl instillation and HCl animals received PTX or normal saline through the tail vein 18 . BAL: At the end of 3 h, the animals were euthanized (1 mL/100 g bw T-61 Euthanasia Solution, Hoechst & Roussel). A sternotomy was performed, and the lungs and appending structures were removed and weighed. The left lung was tied, and the right lung was washed three times with 30 mL/kg cold sterile phosphate-buffered saline (PBS; pH 7.2-7.4). Lavage fluids were kept separate and centrifuged (at 400 x g for 10 min) at 4 ºC, and the supernatants were frozen immediately on dry ice and stored at -80 ºC.
Measurements
Protein leakage: A 1-mL aliquot of BAL was used to measure total protein using the Lowry method.
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W/D weight ratio of lungs: After bronchoalveolar lavage, the right lung was placed in a drying oven for 72 h at 60 °C and then re-weighed. The W/D ratios were then calculated.
Corticosterone Detection: Corticosterones were measured in duplicate using a radioimmunoassay (Coat-A-Count Rat Corticosterone, DPC Diagnostic, CA, USA) in the BAL, according to the manufacturer's instructions, and the countings were performed using a Gamma Counter (Gamma Master 1277 model, LKB Wallac, Sweden). The assay sensitivity was 5.7 ng/mL; the inter-assay and intraassay coefficients of variation were 4.8% to 5.8% and 4.0% to 4.3%, respectively.
Cytokine Assay: TNF-α concentrations in BAL were determined using a rat-specific, commercially available enzyme immunoassay [ELISA] (R&D Systems, Minneapolis, USA).
Histology and morphometry: Lungs were removed en bloc and inflated at a pressure of 20 cmH 2 O with 4% paraformaldehyde in PBS at room temperature to fix the tissue. Left lung fragments were washed in 50mM phosphate buffer, pH 7.4, dehydrated in graded concentrations of ethanol and then embedded in paraffin. From each lung, 4 µm sections were obtained and stained with hematoxylin and eosin (HE) to evaluate lung morphology and morphometry. The slides were systematically scanned in a microscope using a 400X magnification. Macrophage and neutrophil counts were performed in the alveolar lumen septae by image capture with a light microscope using 400X magnification (Axiolab Standart 2.0, Carl Zeiss) coupled to a video camera (AxionCam, Carl Zeiss).
STATISTICAL ANALYSIS
Data were expressed as means ± standard deviation (SD). Values were compared between groups using an ANOVA test for multiple comparisons, and repeated-measures ANOVA was used to compare measurements within groups along the different time periods. Statistical analyses were performed using a standard computer software package (GraphPad Prisma, GraphPad Software, San Diego, CA, USA). P-values less than 0.05 were considered statistically significant.
RESULTS
Blood Gases Analyses
In the HCl and HCl+PTX groups, the Pa O2 values decreased after 30 min (62±6.1 mmHg and 67±3.4 mmHg, respectively, Table 1 Table 2) .
The total proteins in BAL decreased in the PTX+HCl group compared to HCl+PTX [28±2.5 mg/mL versus 36±3.1 mg/mL, respectively]. In the Control-MV group, the total protein values in BAL were 20.4±0.6 mg/mL ( Table  2) .
The TNF-α concentration in BAL was significantly higher from 458.4±50.5 pg/mL [HCl] to 329.4±44.9 pg/mL [HCl+PTX] and 229.4±41.1 pg/mL [PTX+HCl] (p<0.001) (Figure 1) .
The corticosterone level in the BAL (Figure 2 ) was higher in the Control-MV group (41.4±5.2 ng/mL; p<0.001) compared to all other groups. The corticosterone concentrations were lower in the HCl group (7.6±1.3 ng/mL) and the HCl+PTX group (16±2.0 ng/mL) compared to the PTX+HCl group (27.4±1.9 ng/mL).
Histopatology and morphometric analyses
The light microscopic appearance of lung tissue of all four groups after 3 h of mechanical ventilation is shown in Figure 3 . In the group Control-MV, pulmonary paren- chyma showed typical cavities, septs with congested capillaries and few macrophages and neutrophils inside (Figure 3A) . In the HCl group, alveolar hemorrhage, infiltration of macrophages with hemosiderin pigment and alveo-lar wall dilation were observed ( Figure 3B ). In the HCl+PTX group, areas of hemorrhage in the alveoli, macrophage influx and dilation of alveolar septae could be observed ( Figure 3C ). In the PTX+HCl group, a greatly decreased volume of macrophages and red blood cells infiltrates in lung tissue. (Figure 3D ).
In the morphometric analysis, there was an increase of neutrophils (Figure 4 ) in the HCl (2.83 ± 0.5/mm 2 ) and HCl+PTX (2.81 ± 0.5/mm 2 ) groups compared with the control (1.13 ± 0.3/mm 2 ). A significant difference in this regard (p<0.05) was observed between the HCl+PTX (2.81± 0.5/mm 
DISCUSSION
The present study demonstrated that pretreatment with PTX promoted the recovery of Pa O2 after lung instillation of HCl and reduced both cytokine levels and the total protein content in BAL. The histological study among the experimental groups, particularly those with PTX pretreatment, indicated a significant reduction of macrophage and neutrophil infiltrate. On the other hand, PTX administration after HCl instillation was not able to reduce, nor did it prevent, the disruption of the alveolar surface. The drug was chosen following previous experimental data obtained in our laboratory. 18, 36 We speculate that the findings from the current study may be of significance regarding a number of important related areas. First, pulmonary dysfunction worsens with mechanical ventilation. Second, pretreatment with PTX reduced the pulmonary dysfunction and inhibited TNF-alpha and PMN cells influx into the lung. Third, corticosterone may play a role in stabilizing the local inflammatory process.
In animals that received HCl instillation followed by mechanical ventilation (MV), there was a reduction of Pa O2 ; in those post-infused with PTX, the oxygenation improved, and an even better oxygenation level was observed in the group pretreated with PTX. In rabbits, Nishina et al. (1998) demonstrated that pretreatment with lidocaine promoted the recovery of oxygenation after HCl-induced lung lesion model. 19 In our model, we demonstrated that PTX reduces the lung lesions caused by HCl instillation, reducing both the total protein content in BAL and edema as assessed by the W/D ratio. Inflammatory mediators traffic neutrophils into the lungs, which causes a protein-rich pulmonary edema, one of the typical features of the pulmonary insult by acid aspiration, essentially because of the endothelial lesion. 20 Morphometric analysis demonstrated an increase of both macrophages and neutrophils in the lungs previously instilled with HCl. However, an important reduction of both macrophages and neutrophils was observed in lungs of animals pretreated with PTX. Studies by Schreiber and colleagues (2006) demonstrated that the lung tissue of nonmechanically ventilated animals subjected to a unilateral acid instillation produced a strong inflammatory response. 21 Several animal models of lung lesions are well-described in the literature as completely satisfactory and relevant to human disease states. The animal model used in the present study was chosen in view of the fact that more then 30% of human cases of acute pulmonary failure/ARDS are associated with gastric contents aspiration. [22] [23] [24] Pretreatment with PTX also reduced the levels of TNF-α, and some studies have shown that PTX reduces the haemodynamic equilibrium disruption observed in cases such as hypovolemic shock, endotoxaemic shock, gastric aspiration and TNF-induced pulmonary lesions. 25 During severe disease, neurohumoral factors, cytokines and endothelins, among others, activate the HPA axis, thereby resulting in the production and increase of plasma levels of cortisol. 26 In rodents, even though the increase of plasma corticosteroids is a normal event in response to stress and lesion, there is some debate on what could be a 'normal' response to stress and how such a response would affect the normal or the deleterious defense mechanisms of the body. 27 In humans, the rise of circulating cortisol is well-described in both ARDS and the normal stress response. 27 Besides, low levels of cortisol are associated with the worsening of the organic conditions in patients with sepsis. 28 Sebaldt et al.(1990) demonstrated that high daily oral doses of glycocorticoids (60 mg prednisone/day) given in the morning for 7 days inhibit the synthesis and the appearance of leukotrienes in the BAL of healthy volunteers, 29 but the subjects in their study were not under MV. There are diverse, and sometimes opposing, effects of the glucocorticoids, because they are dependent on the cell type upon which these drugs act. 30 Data reported by Bernard et al. (1987) suggest that high-dose methylprednisolone does not affect the outcome in patients with established ARDS due to sepsis, aspiration or a mixed cause. 31 The neuroendocrine responses mediated by the HPA axis are associated with various feedback mechanisms. It is conceivable that the reactions to stress have different degrees of specificity, and that they may or may not develop with proper homeostasis maintenance. This can be observed through the corticosterone concentrations in the BAL observed in the present study.
In healthy volunteers, Hubbard et al. (1994) found endogenous BAL levels of cortisone and cortisol of 380 and 153 pg/mL, respectively. 32 Later, Baker et al. (2000) determined the concentration of cortisol in BALs of 11 patients with acute tuberculosis and 13 healthy volunteers and found that the diseased patients had significantly elevated cortisol levels in BAL. 33 In addition to HCl-induced stress, which causes per se tissue lesions, MV also caused pulmonary lesions and vasoconstriction, though to a lower degree. Accordingly, various studies have demonstrated an increase of inflammatory mediators produced by the lung after MV. 18, 34, 35 In the present study, the observed reduction of corticosterone levels in BALs of the group subjected to HCl instillation plus MV can be viewed as an indication that the direct chemical stress coupled with the forced ventilation reduced the passage of corticosterone into the alveolar spaces. Such a reduction could be related to the increase of the alveolar pressure caused by MV, which, in turn, would alter the alveolar vascular resistance. This would then be followed by a narrowing of the blood vessels around alveoli, an alteration of the alveolar-arterial gradient and, hence, the pulmonary distensibility. Though this study could not unequivocally prove that mechanical ventilation completely blocked the corticosteroid influx into the alveolar space, several other studies have indicated this possibility. 29, 31, 32 The higher concentration of corticosterone in the Control-MV group is certainly not a normal value, and other evaluations in a mechanical ventilation-free group are in order. The measurement of corticosterone in blood samples of the same animal in every time point of the experiment was not possible due to the high volume necessary for the assay (0.5 mL per time point), leading to the risk of hypovolemic shock.
CONCLUSION
In conclusion, the data presented suggest that pentoxifylline modulates the production/release of a proinflammatory cytokine (TNF-α) and inflammatory cells, thereby improving oxygenation during the course of an experimental model of HCl-induced lung inflammation.
